The serotype distribution of 781 nasopharyngeal pneumococcal isolates recovered from 2448 unselected children aged 2-23 months was studied. Only 3.9% of the children for whom cultures were performed attended day care centers. The proportions of pneumococcal isolates that belonged to serotypes related to the 7-, 9-and 11-valent conjugate pneumococcal vaccine were 65%, 66%, and 70%, respectively. The pneumococcal carriage rate among untreated children was 34%; the rates among children treated with antibiotics during the periods 1-30 or 31-60 days before the time of nasopharyngeal sampling were 25% and 36%, respectively. There was a significant positive association between antimicrobial use and carriage of antibiotic-resistant pneumococci, which belonged mainly to vaccine-related serotypes. The proportion of isolates that belonged to vaccine-related serotypes in untreated carriers was 72%; however, the proportions in carriers treated 1-30 days or 31-60 days before sampling were 66% and 56%, respectively. In the nasopharynx, antimicrobial use selects for antibiotic-resistant pneumococci, mainly of vaccine-related serotypes, whereas it may promote an increase in the frequency of colonization with nonvaccine serotypes.
otic-resistant pneumococci, a significant percentage of which are multidrug resistant, challenges the outcome of treatment and the prevention measures for pneumococcal diseases [8] [9] [10] [11] [12] [13] . The optimal approach to the problem of pneumococcal infections, including those caused by antibiotic-resistant pneumococci, is to prevent them by enhancement of the antipneumococcal immunity. Recently, 7-, 9-, and 11-valent protein conjugate pneumococcal vaccines, which are immunogenic in children !2 years old, have been developed [14] [15] [16] [17] [18] [19] [20] .
The profile of pneumococci colonizing the nasopharynx of children reflects the strains currently circulating in the community and causing infections, particularly infections of the respiratory system [7, [21] [22] [23] . The profile of pneumococcal serotypes carried by children and causing infections has been shown to be associated with age and geographic conditions [24] [25] [26] [27] . There is little information in the literature regarding the impact of antibiotic use on the nasopharyngeal carriage of S. pneumoniae in relation to the serotypes of these isolates, especially in children !2 years old who were not attending day care centers. Recent studies have been focused mainly on the carriage rate of antibiotic-resistant pneumococci among children attending day care centers or schools [11, [28] [29] [30] [31] [32] [33] [34] [35] . In addition, in most of the observational studies that investigated the impact of antimicrobials on the carriage of antibiotic-resistant S. pneumoniae for a time period of 130 days, this period was evaluated as a single time interval [36] . The development of conjugate pneumococcal vaccines emphasizes the need to extend our knowledge about the carriage of S. pneumoniae serotypes, particularly in children !2 years old.
The Hellenic Antibiotic-Resistant Respiratory Pathogens (HARP) Study is a 2-year surveillance of the nasopharyngeal flora of Greek children 2-23 months old. Nasopharyngeal samples were screened for S. pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis [37, 38] . The present study aimed to investigate the serotype distribution of nasopharyngeal S. pneumoniae isolates cultured from children, particularly of isolates that exhibited resistance to antibiotics; the percentage of the identified serotypes that are related to the 7-, 9-, and 11-valent conjugate pneumococcal vaccines; and the influence of recent antimicrobial therapy on the colonization with antibiotic-resistant pneumococci in relationship to the serotypes of these isolates.
SUBJECTS, MATERIALS, AND METHODS
Study population. Between 10 February 1997 and 10 February 1999, nasopharyngeal samples for culture were obtained from 2448 children, 2-23 months old, living in different areas of central and southern Greece located between latitudes 36Њ N and 40Њ N. None of the enrolled children had received any pneumococcal vaccines. Samples of nasopharyngeal secretions for culture were obtained from all the children who came to the outpatient department of the University Hospital of Patras (Patras, Greece). In addition, nasopharyngeal samples were obtained from children enrolled randomly from the outpatient clinics of 3 smaller provincial hospitals, as well as from the private offices of 14 practicing pediatricians who participated in the study. One culture was performed for each child who participated in the study. The research protocol was approved by the Ethics Committee of the General University Hospital of Patras. Informed consent was obtained from one of the parents of each participant.
Parents responded to an interviewer-administered questionnaire that collected data on demographic characteristics, day care attendance, and the number and type of courses of antimicrobial therapy administered during the previous 90 days. The questions regarding antimicrobial drug use were focused on the time periods 1-30 days, 31-60 days, and 61-90 days before the time that nasopharyngeal samples were obtained. In addition to the information recalled by parents, the interviewing pediatrician collected all available information about each child's medical history, including prescriptions recorded in the child's health booklet, which is kept by all children in Greece. For children enrolled in the study by private pediatricians, the information was validated by reviewing the pediatricians' own records. Responses were recorded on structured case report forms. The findings of the physical examination at the time of enrollment, with detailed descriptions of the findings regarding the respiratory tract, were recorded on the same forms. Urban areas were classified as cities and towns with у15,000 inhabitants.
Laboratory procedures. Specimens of nasopharyngeal secretions were obtained pernasally with sterile swabs on flexible shafts with calcium alginate fiber tips (Fisher Scientific). Swabs were placed in Amies transport medium (Sanofi Diagnostic Pasteur) after sampling and were sent to the Laboratory of the Division of Pediatric Infectious Disease of the University of Patras, where isolation, identification, and susceptibility testing of the S. pneumoniae isolates were performed. The maximum delay between collection and cultivation was 72 h. The swabs were plated on Columbia agar plates supplemented with 5% defibrinated horse blood, 10 mg colistin sulfate, and 15 mg of nalidixic acid per milliliter. The plates were incubated at 35ЊC in an atmosphere supplemented with 5% CO 2 for 24-72 h. Isolates were confirmed to be S. pneumoniae by inhibition testing (optochin; Difco) and by bile solubility testing [39] .
Susceptibility testing was performed on Mueller-Hinton agar supplemented with 5% defibrinated horse blood. Susceptibility to penicillin and erythromycin was determined by the Etest (AB Biodisk) method, and susceptibility to clindamycin, chloramphenicol, tetracycline, and trimethoprim-sulfamethoxazole (TMP-SMZ) was determined by the disk diffusion method, as described elsewhere [37] .
Capsule serotyping. All the antibiotic-resistant pneumococci recovered between 10 February 1997 and 31 May 1998, a total of 177 isolates, were serotyped at the Centre National de Référence du Pneumocoque, Créteil, France, by latex agglutination using specific antisera prepared by the investigators of the Centre. A total of 604 isolates were serotyped at our laboratory in Patras by the capsular swelling method with use of pooled antisera (Pneumotest and Pool sera G and I). The isolates of serogroups 6, 19, and 23 were subtyped with use of pneumococcal factor antisera. The pooled and factor antisera were purchased from Statens Serum Institut (SSI). All isolates belonging to other serogroups were sent to SSI for serotyping within the groups. In addition, all the pneumococci that did not react with the available antisera were confirmed by SSI as nontypeable. In a validation study of pneumococcal typing, the degree of agreement between the findings of our laboratory and those of SSI was 93%, which is similar to a 95% mean agreement observed between the findings of 10 other reference laboratories and SSI [40] .
Statistical analysis. The data were analyzed by the x 2 test with Yates' correction and by Fisher's exact test, as well as by means of 95% CIs for the OR. The analysis of antibiotic use was based on courses of treatment administered within the periods 1-30 days and 31-60 days before the time of sampling. The percentage of pneumococcal isolates belonging to vaccinerelated serotypes that were recovered from untreated and treated carriers according to the semester of the study was analyzed by logistic regression analysis. The effect of treatment group, time interval, and their interaction was examined by testing the changes in deviance between different models against the x 2 distribution (SPSS software, release 11.0). Two-tailed was considered to be significant. All percentages 110% P р .05 were rounded to the closest integral number.
RESULTS

Population and samples.
Of the 2448 children enrolled in the study, 95 (3.9%) attended a day care center, 474 (19%) had у2 siblings, and 77 (3.1%) had у2 siblings !5 years old. Of these 2448 children, 766 (31%) were colonized with S. pneumoniae. A single pneumococcal isolate was recovered from each carrier, with the exception of 15 children (2%) from whom 2 different pneumococci were identified.
The 766 carriers had the following epidemiologic characteristics: 362 (47%) were 112 months old, 426 (56%) were boys, 455 (59%) were enrolled between November and April, and 431 (56%) were living in an urban area. At the time of sampling, 50% of carriers р12 months old (201 of 404) and 55% of carriers 112 months old (198 of 362) had signs and symptoms of a respiratory tract infection.
Serotype distribution. Of the 781 nasopharyngeal isolates, 738 belonged to 42 different serotypes, and 43 (5.5%) were nontypeable (table 1). The 6 most frequently isolated serotypes-6B, 23F, 19F, 6A, 14, and 11A-accounted for 57% of the isolates. The proportions of the recovered serotypes related to-that is, included in or partially covered by-the 7-and 9-valent conjugate pneumococcal vaccine were 65% and 66%, respectively. For the 11-valent vaccine, this proportion increased to 70%. Of the 781 isolates, 404 (52%) and 377 (48%) were recovered from carriers with and without a respiratory tract infection, respectively. Two hundred eighty-two (70%) of the 404 recovered from carriers with a respiratory tract infection and 260 (69%) of the 377 isolates recovered from carriers without a respiratory tract infection belonged to vaccine-related serotypes (OR, 0.96; 95% CI, 0.70-1.32;
). P p .860 Antimicrobial resistance. Resistance (including both intermediate and full resistance) to у1 antimicrobial agent was found in 239 (31%) of the 781 S. pneumoniae isolates. One hundred twenty-two (16%) of the isolates demonstrated decreased susceptibility to penicillin. Of the 122 penicillin-nonsusceptible isolates, 50 (41%) had MICs of penicillin of у2 mg/ mL. An additional 117 (15%) of the 781 S. pneumoniae isolates were penicillin susceptible and resistant to у1 non-b-lactam agent. Of the 781 isolates, 137 (18%) were resistant to erythromycin, 96 (12%) were resistant to clindamycin, 136 (17%) were resistant to tetracycline, 86 (11%) were resistant to chloramphenicol, and 151 (19%) were resistant to TMP-SMZ. Resistance to у3 antibiotics was found in 129 (17%) of the 781 pneumococci.
Serotype distribution of antibiotic-resistant isolates. Pneumococci belonging to vaccine-related serotypes constituted most of the antibiotic-resistant isolates (table 2). In addition, 82% of the 129 isolates resistant to у3 antibiotics belonged to vaccine-related serotypes. Rates of carriage of antibiotic-resistant pneumococci and the serotype distribution of antibiotic-resistant isolates did not vary significantly by age group.
Nasopharyngeal carriage in relation to history of antimicrobial use. A history of у1 course of orally administered antibiotic therapy during the previous 2 months was reported for 941 children. The antibiotics administered were known for 907 (96%) of those 941 children. The antibiotics used were a penicillin in 45% of the courses, a cephalosporin in 32% of the courses, a macrolide in 18% of the courses, and TMP-SMZ in 5% of the courses. Children treated with multiple courses of antibiotics during the previous 60 days were included in the analysis only if all courses had been administered during the periods 1-30 or 31-60 days before the time of sampling.
Of the 2448 children enrolled in the HARP Study, 1507 had not received any antibiotic therapy during the 60-day period before the time of sampling. Of these 1507 children, 509 (34%) carried S. pneumoniae. Of the children who had received antibiotic therapy only during the periods 1-30 or 31-60 days before the time of nasopharygeal sampling, 25% (159 of 632) and 36% (73 of 205), respectively, were colonized with pneumococci. The rate of pneumococcal carriage among children treated during the previous 30 days was significantly lower than that among untreated children (OR, 1.52; 95% CI, 1.22-1.88;
) and that among those treated with antibiotics 31-60 P p .0001 days before the time of sampling (OR, 0.61; 95% CI, 0.43-0.86; ). Antibiotic treatment had been administered during P p .005 the previous 60 days to 32% of carriers р12 months old (128 of 404) and 36% of carriers 112 months old (129 of 362).
Antibiotic use and serotype distribution of pneumococcal isolates. Table 3 shows the proportions of antibiotic-resistant S. pneumoniae isolates belonging to vaccine-related and nonvaccine serotypes, according to whether or not oral antibiotics had been administered before the time nasopharygeal samples were obtained. A significant association was observed between antimicrobial use during the periods 1-30 or 31-60 days before the time of nasopharygeal sampling and carriage of antibioticresistant pneumococci, which belonged mainly to vaccinerelated serotypes ( ). Conversely, receipt of antibiotics P р .01 was associated with a decrease in the frequency of carriage of isolates belonging to vaccine-related serotypes. The proportion of isolates belonging to vaccine-related serotypes recovered from untreated carriers was 72% (374 of 522 isolates); the proportions recovered from carriers treated during the periods 1-30 or 31-60 days before the time of nasopharygeal sampling were 66% (107 of 161 isolates) and 56% (41 of 73 isolates) (table 4). The possibility that this decrease in the frequency of carriage of vaccine-related serotypes in treated children was only a seasonal effect was evaluated for 6-month intervals during the 2-year study period (figure 1). It was found that the percentage of isolates belonging to vaccine-related serotypes depended only on the treatment group and not on the time of year.
DISCUSSION
The HARP Study is, to our knowledge, the largest investigation of nasopharyngeal pneumococcal carriage among children !2 years old who were not recruited among day care center attendees. Our study population differs from those of other studies because the children studied in this investigation had less exposure to other children [11, 28, [32] [33] [34] [35] . Of the children we studied, only 3.9% attended day care centers, and 19% had у2 siblings. Greece is a European country with a temperate Mediterranean climate, without excessively humid or cold weather.
In this study, 781 pneumococcal isolates belonging to 42 serotypes were obtained. The proportions of the recovered serotypes related to-that is, included in or partially covered by-the 7-and 9-valent conjugate pneumococcal vaccine were 65% and 66%, respectively; the proportion was higher (70%) for the 11-valent vaccine. Serotypes that were not included in the vaccines but that belonged to the same serogroup as a serotype included in the vaccine were considered to be partially covered. In the present study, most of the antibiotic-resistant pneumococci belonged to vaccine-related serotypes.
The pneumococcal serogroups or serotypes most frequently isolated from young children in industrialized countries are 6, 14, 19, and 23, for both nasopharyngeal and invasive isolates [15, 41] . These serotypes were among the most common in our study as well, but serotype 11A was also commonly isolated. Serogroups 7 and 18, which cause serious diseases but are less frequently recovered from carriers [11, 14, 35] , were relatively rare among our isolates. In addition, serotype 3 was uncommon in the present series. This serotype is identified in nasopharyngeal, middle-ear-fluid, and invasive isolates recovered more frequently from older children and adults than from infants and young children [15, 35, 41, 42] .
The fact that this observational, community-based study included a large number of carriers enrolled over a 2-year period provided the opportunity to evaluate the impact of antibiotic use on the prevalence of nasopharyngeal carriage of S. pneumoniae in relation to the serotypes of the isolates recovered. Unlike earlier observational studies [36] , our study focused on specific 30-day intervals and investigated carriers who received courses of antibiotics only within these restricted time periods. This helped us avoid the effect of overlapping periods of treat- ment on the particular time intervals investigated. Reported interventional studies, although adherent to specific time intervals, frequently have a short follow-up period or provide limited information about the serotypes of isolates recovered after the end of treatment [43] [44] [45] [46] .
We found a significant reduction in the rate of carriage of pneumococci among children treated with antibiotics within the 30 days before the time nasopharyngeal samples were obtained (25%), compared with the rate among untreated children (34%) and children treated with antimicrobials 31-60 days before sampling (36%). This observation is in accordance with recent reports indicating that antimicrobial treatment reduces the carriage rate temporarily [7, 47] .
There was a strong positive association between antimicrobial use during the 30 days before sampling and carriage of antibiotic-resistant pneumococci, particularly carriage of isolates belonging to serotypes related to those in the 3 conjugate vaccines. It is notable that the selective effect of antimicrobials on colonization with antibiotic-resistant pneumococci of vaccinerelated serotypes remained significant even if the samples were Thus, such a misclassification would reduce the level of statistical significance without altering the trend of the association observed in this study [48] .
The findings indicate that antimicrobial use selected for antibiotic-resistant pneumococci that mainly belonged to vaccinerelated serotypes whereas it appeared to promote a decrease in the frequency of colonization with vaccine-related serotypes. The proportion of isolates belonging to vaccine-related serotypes among untreated carriers was 72%; the proportions among carriers treated during the periods 1-30 or 31-60 days before the time of sampling were 66% and 56%, respectively. This finding cannot be explained with certainty at the present time. The possibility of a seasonal effect was excluded because data from the 2-year study period was evaluated according to 6-month intervals. We hypothesize that treatment with antimicrobials temporarily reduces pneumococcal carriage, which is followed by new colonization with isolates that are more likely to belong to nonvaccine serotypes. This result could be explained by the development of a partial immunologic response, due to previous carriage, against pneumococci belonging to the most prevalent vaccine-related serotypes. The presence of secretory IgA might inhibit recolonization with the same serotypes. It has been reported that both nasopharyngeal pneumococcal carriage and otitis media induce local immune response, accompanied by production of IgA [49] [50] [51] . Mucosal immunity to bacterial polysaccharides matures earlier in life than systemic immunity and has been observed in children aged 6 months [51] . A factor contributing to the preferential recolonization with nonvaccine serotypes could be the fact that the children in this study were not exposed to a day care center environment. A second hypothesis is that use of antibiotics unmasked pneumococci of nonvaccine serotypes in the nasopharynx that were present before the administration of therapy and that would not otherwise be detected because of the abundant presence of other isolates belonging to vaccine-related serotypes. Clearly, further studies are warranted to investigate this issue.
Leach et al. [47] found that the rate of pneumococcal carriage was lower (29%) 2-3 weeks after administration of a single dose of azithromycin than it was before treatment (68%); at the 2-month follow-up visit, the carriage rate had rebounded to an even higher level (78%) than had been observed before treatment. In the same study, it was reported that the profile of the pneumococcal serotypes isolated changed after treatment. Most of the children were recolonized with pneumococci belonging to serotypes that differed from those initially carried, and the most prevalent serotypes in the community before treatment were not isolated at the 2-month follow-up visit.
Our findings indicate that antimicrobial use selects for antibiotic-resistant pneumococci in the nasopharynx that mainly belong to vaccine-related serotypes and that persist for up to 2 months, whereas antimicrobial use may promote an increase in the frequency of colonization with nonvaccine serotypes. Immunization and judicious use of antibiotics are necessary for young children to reduce the rate of colonization with antibiotic-resistant pneumococci in this population and the subsequent spread of such strains to the community.
